In this paper an uncertain norm-bounded mathematical model for the UAV High Altitude Performance Demonstrator 
Description of the UAV mathematical model
The HAPD shown in Fig.1 , is an over-actuated UAV equipped with the following redundant aerodynamic control surfaces: three pairs of elevators, namely inboard (IB), middle (MID) and outboard (OB), two pairs of ailerons, namely inboard and outboard, and two rudders, namely upper (SUP) and lower (INF). The thrust is generated by eight independent, electrically powered, propellers. In view of the light weight and the high wing aspect ratio, the HAPD flexibility dynamics have to be taken into account by increasing the number of states with respect to classical aircraft rigid body mathematical models, see e. g. [1] .
As detailed in [2] , assume the following hypotheses: the inertia matrix I does not depend on the aircraft elastic deformations; the linear elastic theory can be exploited to model the aero-elastic dynamics; aero-elastic modes are quasi-stationary. Starting from these premises, consider the polar form of the nonlinear equations of the 6DoF motion:
where T is the thrust,
T the rotational velocity vector, φ the roll angle, θ the pitch angle, α = arctan wB −ww uB −uw the angle of attack, β = arcsin vB −vw V the sideslip angle, I x , I y , I z , I xz the moments and products of inertia in body axes, M the aircraft mass and g 1 = g(− cos α cos β sin θ + sin β sin φ cos θ + sin α cos β cos φ cos θ) g 2 = g(cos α sin β sin θ + cos β sin φ cos θ − sin α sin β cos φ cos θ) g 3 = g(sin α sin θ + cos α cos φ cos θ),
with g the gravity acceleration. Notice that a formal definition of forces and moments involved in (1)-(6) requires the use of the flexibility dynamics which in turn prescribes the introduction of additional state variables for n a aero-elastic modes, namely the generalized state variables η i anḋ η i , i = 1, . . . , n a . These dynamics are modelled by means of interacting second order linear state space descriptions:
where M ηi is the generalized mass of the i − th aero-elastic mode, ζ ηi the generalized damping coefficient, ω ηi the generalized natural frequency and Q ηi the generalized force. The evolution of the aerodynamic forces and moments acting on (1)- (6) and (10) depends on both the rigid body and the flexibility state variables:
where the numerical values of the main involved variables are reported in Table 1 . Moreover, δ sup is a vector accounting for control surfaces deflections, ρ the air density at the flying altitude and all the terms indexed by C refer to adimensional aerodynamic coefficients arising from the common hypothesis that aerodynamic forces are affine functions of the motion variables and generalized states η i andη i . Note also that the flexible UAV mathematical model requires the calculation of both generalized masses, damping coefficiens, natural frequencies and aerodynamic coefficients. The first are computed via finite structural elements methods, while aerodynamic coefficients are obtained by resorting to CFD (Computational Fluid Dynamics) calculations [3] and/or wind tunnel or flight tests. 
Uncertain Norm-Bounded modeling
By considering only the two slower and most significant aero-elastic modes accounting for symmetrical (η 1 = η s ) and asymmetrical (η 2 = η a ) aircraft deformations, faster aero-elastic dynamics being considered instantaneous, the high nonlinear model description (1)-(17) has been recast into the following uncertain linear state space description with uncertainties (or perturbations) appearing in a feedback loop
where x ∈ IR 12 denoting the state, u ∈ IR 12 the control input, y ∈ IR 8 the output. The input and state vectors definition are below reported
Moreover, p, q ∈ IR 12 are the additional variables accounting for the uncertainty. The uncertain operator ∆ may represent either a memoryless, possibly time-varying, matrix with ∆(t) 2 =σ (∆(t)) ≤ 1 ∀t ≥ 0, or a convolution operator with norm, induced by the truncated ℓ 2 -norm, less than 1 viz.
For a more extensive discussion about this type of uncertainty see [4] . Such a representation (18) can be obtained by exploiting the fact that a suitable collection of linear models well approximates aircraft dynamics in wide regions of the flight envelope including steady state and transient flight conditions. Thus, a Polytopic Linear Differential Inclusion (PLDI) of the HAPD nonlinear model (1)-(10) can be obtained by deriving a convex outer approximation of regions covered by a set of 30 linearized models around different operating flight conditions characterized by the following bounds on speed and altitude: true air speed between 17 and 23 m/s and altitude from 300 m to 700 m. PLDI is then approximated as a Norm-bound Linear Differential Inclusion (NDLI) by exploting the optimization procedure described in [4] .
